Introduction {#S1}
============

In our modern society, zoos and aquariums play an emerging role as educational and nature conservation centers with extensive educational programs. This important role becomes obvious when looking at the number of zoo visitors. The European Association of Zoos and Aquaria reported 140 million visitors each year ([@B21]), and the VdZ, the oldest zoo association in the world, with currently 71 members, welcomes more than 43 million visitors each year ([@B37]). At a global level, it can be assumed that more than 700 million people visit zoos and aquariums yearly ([@B23]). The main objectives of zoos are often summarized as research, conservation, education, and entertainment ([@B8]). In recent times, zoos focus more on conservation and education and have become more and more "Centers of Conservation and Caring" ([@B64]). [@B60] analyzed the mission statements of 137 zoos in the United States and discovered that 97% of the zoos had education as their main theme in their mission statement. On the second place was conservation, which was mentioned in 85% of the zoo statements. Both zoos and visitors believe that zoos should be a place for visitors and in particular for schoolchildren to learn ([@B65]). To accomplish this goal, the majority of zoos and aquariums offer education programs for their visitors, for example, guided tours, keeper talks, and information materials on the spot and on the internet, as well as special education courses for school groups. Particularly in the field of environmental education, school classes represent an important target group ([@B1]). However, zoos should demonstrate that a visit to the zoo contributes to an understanding of biodiversity and nature conservation issues and ideally leads to proenvironmental behavior.

Evaluating the Educational Impact in Zoos {#S1.SS1}
-----------------------------------------

The main goal of most environmental education programs is to change participants' behavior to a more sustainable and environmentally friendly behavior. To achieve this goal and to evaluate the success of environmental education programs, there are different approaches in environmental education research. One is the focus on environmental attitudes, which are defined as concern for the environment or environmental issues ([@B20]) and can be actively promoted through environmental education programs ([@B31]; [@B44]; [@B70]). The connection between environmental attitudes and environmentally friendly behavior can be explained, for example, by the value--belief--norm theory. In this theory, attitudes or beliefs are regarded as influencing factors on personal norms, which in turn directly influence behavior ([@B77]). This makes environmental attitudes a strong predictor of ecological behavior ([@B35]).

In addition to environmental attitudes, knowledge about the environment also plays an important role in environmental education. Knowledge is often associated with proenvironmental behavior ([@B26]; [@B33]; [@B15]; [@B43]; [@B80]; [@B85]). However, this old paradigm is criticized by some authors ([@B59]). [@B57] call it a myth that knowledge turns into a change of behavior, and [@B52] have recently analyzed the connection between knowledge and proenvironmental behaviors with a large sample size. While they proved a positive effect of knowledge on proconservation behavior, this effect was small.

Although the evaluation of environmental education programs is important to further develop and improve programs, to increase understanding, and to draw conclusions for new programs ([@B61]), there is not yet sufficient research in this field. For example, from 56 examined conservation education reports, only 45.6% evaluated their programs in some form, and even fewer (23.1%) used summative evaluation ([@B55]).

When zoos evaluate environmental education programs, they usually focus on two core areas of environmental education described above: on the one hand, visitors learn and gain in knowledge and, on the other hand, visitors' change in attitudes. [@B81], for example, surveyed more than 700 zoo members and visitors with a pre--post instrument. The measurement showed a great gain in conservation--knowledge and conservation--motivation by a zoo visit, leading to the conclusion that zoos are able to positively influence knowledge, attitudes, skills, and behavior. A similar positive effect on visitors' knowledge, attitudes, and behavior was observed for dolphin shows at six different zoos ([@B50]). Additionally, to the short-term effects, [@B50] verified the long-term outcomes after 3 months. Visitors showed a short-term increase in all mentioned categories. The follow-up test revealed that knowledge is preserved, and more environmentally friendly behavior is applied. An even longer-lasting effect was proven by [@B12] showing that a year after the zoo visit the majority of the visitors still had a positive change of knowledge. Another interesting approach to observe the change in behavior after a zoo visit was used by [@B47]. As a part of an animal presentation in the Wellington zoo, she told zoo visitors that keeping cats indoor at night helps to protect the native wildlife. Six weeks after the zoo trip, 57% of the participants reported to have implemented the proenvironmental behavior, and the number even increases to 100% when the visitors were asked to sign a pledge card that was displayed at the zoo.

For guided tours and unguided zoo visits, the results in conservation learning are not as clear. [@B30] observed a group of 7--15-years-old students. While 41% of the pupils showed a positive effect when learning about nature conservation on a guided tour, the effect on an unguided tour was slightly lower, and approximately only one-third showed a positive effect. For a detailed literature review of conservation education in zoos, we recommend [@B56].

From the perspective of zoos, the focus on knowledge gain and attitude change makes sense, as these factors have a strong influence on environmental behavior, and their promotion contributes to achieving the main goal: behavioral change to proenvironmental behavior. Nevertheless, current zoo evaluation usually lacks another important concept that has great potential and is well known in environmental education research: connection to nature ([Figure 1](#F1){ref-type="fig"}).

![In addition to changes in attitude and knowledge, connection to nature represents a further, major factor in achieving a change in behavior.](fpsyg-11-01804-g001){#F1}

Connection to Nature and Zoos {#S1.SS2}
-----------------------------

Although the connection to nature has been a topic of environmental research for years, there is no clear and generally accepted definition of the concept. While some definitions of connection to nature emphasize the emotional component of the construct (e.g., [@B49]; [@B53]), others focus on the relationship between nature and the personal identity ([@B9]). In his description of the concept of inclusion of nature, [@B72] describes three dimensions. The cognitive component includes the connection to nature, the affective component deals with the question whether people care about nature, and the behavioral component explains the motivation to protect nature and to behave in an environmentally friendly way. In our research, we focus in particular on the cognitive component of the construct, the connection to nature. Schultz defines connection to nature as "the extent to which an individual includes nature within his/her cognitive representation of self" ([@B72]). It is often used to evaluate the success of programs in environmental education. In recent years, different scales were created to measure connection to nature. For example, the Connectedness to Nature Scale by [@B49], the Nature Relatedness Scale by [@B53], the Environmental Identity Scale by [@B9], and the Implicit Association Test by [@B73].

Connection to nature is important for various reasons: The link between connection to nature and proenvironmental behavior has been proven in a large number of research papers. People with higher connection to nature report more environmentally friendly behavior and attitudes and were more concerned about ecological problems ([@B49]; [@B53]; [@B14]; [@B19]). Thus, the strengthening of a person's bond to nature leads to an increase of conservation performance ([@B34]). Especially for children, connection to nature influences the willingness to spend time in nature ([@B7]). On the other hand, a lack of proenvironmental behavior leads to a decrease of connection to nature ([@B13]). A strengthened connection to nature has also an effect on well-being; living in a place with more green spaces decreases the mental distress and increases the personal well-being ([@B54]; [@B84]). In addition, the psychological well-being and social well-being correlate positive with connection to nature ([@B27]; [@B62]). Hence, connection to nature is a significant predictor of well-being ([@B46]). An analogous relationship to well-being is also described for vitality. Spending time in nature is associated with an increase in vitality ([@B66]; [@B6]; [@B5]), and thus, the connection to nature contributes to psychological health ([@B54]).

In summary, these examples show that connection to nature is an important factor that needs to be promoted through environmental education programs. From the zoos' point of view, too, strengthening the connection to nature should be an important goal. Increasing the visitors' connection to nature helps to achieve the primary goal of zoos, namely, the promotion of proenvironmental behavior.

Research on the topic of connection to nature is underrepresented in the zoo context, and the few reported results are inconsistent. On the one hand, studies reveal a positive effect of a zoo visit on the connection to nature ([@B12]; [@B74]; [@B10]). On the other hand, this effect is not confirmed by [@B4], or even a small decrease is reported by [@B67]. At present, there are still many open research questions regarding connection to nature and zoos.

In this article, we have proceeded in two steps. Study 1 forms the basis for study 2, which aimed to identify the age group of students with the least interest in animals and zoos. For this purpose, more than 1,600 students of different grades were surveyed in a cross-sectional study. For study 2, the age group with the least interest in zoos or zoo animals from study 1 was selected to experience guided zoo tours with these students. The aim was to answer the question whether the most basic environmental education program at a zoo, a guided tour, has the potential to affect participants' connection to nature. Additionally, we wanted to test whether it is possible to increase the outcome by small add-ons to the tour.

Study 1 {#S2}
=======

To explain the interest of a person, there are different approaches in psychology. Special attention is given to the person--object theory, which was especially influenced by [@B68], [@B69], [@B63], and [@B41], [@B42]. According to this theory, the environment consists of subareas that can be more or less separated from each other. These are called objects. They include, for example, living beings, events, connections, conditions, and so on. When a person deals with such an object, he/she establishes a relationship that varies in quality and intensity. An outstanding person--object relationship is called interest ([@B39]). Interest is essential for academic success and plays a crucial role in the learning process. Because interest on certain topics declines over time, it is necessary to promote it ([@B25]). A positive correlation between grades and interest shows the effect of interest on students' performance at school ([@B40]). Instead of only reproducing knowledge, interest leads to independent participation ([@B68]). [@B71] initialized the ROSE study in order to observe students' attitude, views, and interest toward science and technology. As part of this large-scale project and cooperation between different researchers, students in more than 40 countries were surveyed with a questionnaire containing almost 250 questions on science and technology ([@B75]). In three sections with a total of more than 100 items, students should rate on a four-point Likert scale how interested they are in learning about different aspects of science and technology. An important objective of this study was to provide empirical evidence and discussion students' interest to improve the quality, relevance, and attentiveness for science and technology ([@B71]). The ROSE study discovered an overall positive attitude to science and technology. While boys tend to be more interested and positive over all, girls showed mainly interest on environmental issues ([@B75]).

Because interest is an important factor, we want to determine the age group of students with the least interest in animals and zoo topics in study 1.

Materials and Methods {#S2.SS1}
---------------------

### Measurement {#S2.SS1.SSS1}

Similar to the interest items used in the ROSE study ([@B71]), we tested 15 biology-related interest items that had to be evaluated by students on a four-point Likert scale ([Table 1](#T1){ref-type="table"}). While the ROSE study focused on the interest in science and technology in general, our items focus on biological topics (such as plants, animals, and environment).

###### 

Results of the PCA with varimax rotation.

                                                                       **1**   **2**   **3**   **4**
  ---- --------------------------------------------------------------- ------- ------- ------- -------
  A1   What zoos do for protection of species                          0.807                   
  A2   Animals in other areas of the world                             0.789                   
  A3   Animals in the zoo                                              0.784                   
  A4   Behaviors of animals                                            0.712                   
  A5   How to protect endangered species                               0.613                   0.319
  P1   Plants in my environment                                                0.747           
  P2   How plants grow and multiply                                            0.738           
  P3   Plants and their benefits for humans                                    0.694           
  P4   How plants produce food                                                 0.647           
  H1   What you have to eat to stay healthy                                            0.865   
  H2   How to train to keep the body fit and healthy                                   0.845   
  H3   Nutrition of humans                                                             0.671   
  E1   The greenhouse effect and how humans can change the situation                           0.819
  E2   How to preserve and protect biodiversity in the world           0.362                   0.631
  E3   Habitat earth                                                                           0.622

Only factor loadings \> 0.3 were listed.

### Participants {#S2.SS1.SSS2}

Data collection took place from September 2013 to July 2015. Overall, 1,587 students of different grades participated in our survey. Four hundred eleven were fifth graders, 62 sixth graders, 418 seventh graders, and 448 nine graders. In 10th or 11th grade, 41 students attended; in 12th grade, 174; and in 13th grade, 33 students. The participation in the study was voluntary and anonymous. For underage participants, the parents had to sign a letter of agreement, and private policy has been respected.

### Analysis {#S2.SS1.SSS3}

All statistical analysis was executed using IBM SPSS 24. To investigate the relationship between the 15 interest items, a principal component analysis (PCA) was performed, and to prove sampling adequacy, the Bartlett test and the Kaiser--Meyer--Olkin (KMO) test were applied. For the separated factors, Cronbach α was calculated to determine reliability and internal consistency.

Results {#S2.SS2}
-------

The KMO test approved the sampling adequacy (KMO = 0.873), and the Bartlett test was highly significant (*p* \< 0.001), fulfilling the conditions for a factor analysis.

The PCA with oblique rotation showed a four-factor solution for the 15 items ([Table 1](#T1){ref-type="table"}). Factor 1 (animals, A1--5) accounted for 31.64% of the variance and had an α = 0.833. The second factor (plants, P1--4) explained 13.59% of the variance with an α = 0.751. Factor 3 (health, H1--3) accounted for additional 8.84% (α = 0.732), and factor 4 (environment, E1--3) for 7.49% (α = 0.635) of the variance. For the four factors found, the changes in the dependency of the age groups recorded were different. The interest in animals shows a significant decrease after the sixth grade compared to the initial interest in the fifth grade. A similar result could also be observed for the interest in plants. Interest declines significantly after the fifth grade and remains at a similarly low level for the rest of the school career. In contrast, the health factor and the environmental factor show consistently high levels. Although there are also significant short-term deviations here, the interest at the end of school career does not differ from the initial interest in the fifth grade ([Figure 2](#F2){ref-type="fig"} and [Table 2](#T2){ref-type="table"}).

![Development of the four factors of the PCA analysis in the school career. **(A)** Factor 1 (animals) was divided into two graphs according to the content statement. The upper graph contains the items concerning animals in general (A2; A4--A6, closed circles); the lower graph, the items concerning animals and zoo (A1 and A3, open circles). **(B)** Factor 2 (plants, P1--P4), **(C)** Factor 3 (health, H1--H3), **(D)** Factor 4 (environment, E1--E3). Scale from 1 = no interest to 4 = high interest. ^\#^Students in the 10th and 11th were combined because of the small sample size.](fpsyg-11-01804-g002){#F2}

###### 

Average scores of the different factors, divided by grades.

                      **5**   **6**        **7**        **9**        **11^\#^**   **12**       **13**
  ------------------- ------- ------------ ------------ ------------ ------------ ------------ ------------
  Animals (general)   3.26    2.99         2.84\*\*\*   2.64\*\*\*   2.49\*\*\*   2.54\*\*\*   2.71\*\*
  Animals (zoo)       2.88    2.55         2.31\*\*\*   1.95\*\*\*   1.72\*\*\*   1.92\*\*\*   1.75\*\*\*
  Plants              2.67    2.16\*\*\*   2.13\*\*\*   2.11\*\*\*   1.98\*\*\*   2.02\*\*\*   2.04\*\*\*
  Health              3.03    2.75\*       3.00         3.15         3.30         3.21\*       3.22
  Environment         2.84    2.62         2.52\*\*\*   2.59\*\*\*   2.69         2.67         2.69

Significant changes to the initial interest of the fifth grade are marked with an asterisk (\*p \< 0.05, \*\*p \< 0.01, \*\*\*p \< 0.001). A detailed breakdown of the individual items by grades can be found in

Table A1

. The pairwise comparison between the fifth class (as initial interest) and the higher classes was carried out using a post hoc test. To avoid an inflated α value, a Bonferroni correction (with 6) was performed.

\#

Students in the 10th and 11th grades were combined because of the small sample size.

Discussion {#S2.SS3}
----------

The results reveal a topic-related, different development of biological interests during the course of the school career. Previous studies showed that students even from different countries and cultures have the highest interest in biological questions dealing with human health, reproduction, or genetics ([@B24]). Similar results are obtained in this study, showing that students start with a high and lasting interest on questions about human health in fifth grade ([Figure 2C](#F2){ref-type="fig"}). Environmental protection is becoming an increasingly important topic in our society, and the increasing number of environmental education programs offered is an indicator of this ([@B79]). The high level of interest, particularly among young adults, is also reflected in the high level of participation in current environmental protection movements such as "Fridays for Future." In this context, an emotional approach to nature conservation also appears to be an important predictor of proenvironmental behavior ([@B36]). Our environmental component has a comparatively high value compared to the other groups, which shows only a slight decline in the school career during puberty ([Figure 2D](#F2){ref-type="fig"}). This "dip" in interest has been observed before and can be explained by the brain and cognitive development of the students in this time period ([@B58]). During adolescence, changes in the brain occur, which can lead to cognitive and behavioral changes. These changes are often explained by the restructuring of the prefrontal cortex and the increasing communication of the prefrontal cortex with other brain regions ([@B76]).

The overall lower interest in plants, as well as the strong decrease in puberty ([Figure 2B](#F2){ref-type="fig"}), is also described in earlier studies ([@B82]; [@B78]). The term "plant blindness" was also coined in this context and expresses the fact that plants are often overlooked, and people have less knowledge about plants ([@B83]). In comparison, animals show a higher interest, especially among younger pupils. The loss of interest in this regard depends on the thematic focus. Topics with a zoo focus experience a higher loss of interest during the school career than other zoological topics ([Figure 2A](#F2){ref-type="fig"}). In addition to the loss of interest in various topics with increasing age, several studies have also shown that older students are less connected to nature than younger students (e.g., [@B74]; [@B67]; [@B3]). Based on these results, the targeted development, implementation, and evaluation of environmental education programs for high school students are an important task (study 2).

Study 2 {#S3}
=======

Study 1 showed that advanced students have a lower interest in animals and zoos. While interest in a topic can lead to a person becoming more engaged, more motivated, and showing better learning outcomes ([@B25]), disinterest leads to an opposite effect. For this reason, various zoo tours were conducted for high school students within the framework of study 2. In order to evaluate the success of the guided tours of the zoo with these groups of students, the connection to nature was measured and analyzed. The study deals in particular with the detailed comparison of regular tours and tours that included a special extension. For this purpose, the spectrum of zoo pedagogical possibilities was largely taken into account. Thus, there were guided tours with subsequent feeding, conversations with keepers, or a look behind the scenes. The aim was to find out which small add-on has the potential to further promote connection to nature in comparison to the standard tour and thus to develop tips to help zoos and organizers of environmental education programs to promote connection to nature in a targeted manner.

Materials and Methods {#S3.SS1}
---------------------

The guided tours took place at the Opel Zoo in Kronberg (Germany). The main emphasis of the tour was to show the biodiversity of African mammals. The tour included stops at the Rothschild's giraffe (*Giraffa camelopardalis rothschildi*), dwarf mongoose (*Helogale parvula*), meerkat (*Suricata suricatta*), Indian porcupine (*Hystrix indica*), common warthog (*Phacochoerus africanus*), barbary macaque (*Macaca sylvanus*), and African elephant (*Loxodonta africana*) enclosures. The guided tour focuses on biological and ecological facts, the adaptation of the animals to their habitat, social behavior, and threat category. Before and after the tour, connection to nature was measured to detect possible changes. The use of a personal code allowed comparison before and after the intervention. The regular tours were supplemented with short-term add-ons (10--15 min), and the respective effects on connection to nature were measured. The add-ons included giraffe feeding, meerkat feeding, a keeper talk, a look behind the scenes, or petting goats in the children's zoo. The groups did not know about the additions before, and each group attended only one add-on ([Figure 3](#F3){ref-type="fig"}).

![Study design. The environmental education program at the zoo included a guided tour, which could be supplemented by various add-ons. Before and after the tour, the participants filled out a questionnaire in which the connection to nature was determined.](fpsyg-11-01804-g003){#F3}

**Feeding Giraffes:** Depending on the weather, the feeding of the giraffes took place in the hall of the giraffe enclosure or outside on the savanna facility. The students were allowed to touch and to feed the animals from their hand with crisp bread.

**Feeding Meerkats:** The feeding of the meerkats took place at the meerkat enclosure with mealworms. In order to avoid injuries from meerkat bites, the students were not allowed to touch or feed them out of their hands.

**Keeper Talk:** During the keeper talk, the students had the opportunity to ask their questions to a zookeeper and hear some firsthand experiences about the work with the animals in a zoo.

**Small View Behind the Scenes:** The view behind the scenes included a part of the elephant house that is inaccessible for the public view, including the elephant food and tools for cleaning the enclosure.

**Petting Zoo:** The students had the opportunity to go in the public petting zoo to pet different animals. Most of the animals in the petting zoo are West African pygmy goats, but there are also some sheep and a donkey.

### Measurement of Connection to Nature {#S3.SS1.SSS1}

We used the Inclusion of Nature in Self-scale (INS) by [@B72] to measure connection to nature. The INS is a graphical single item question, which consists of seven different pairs of circles, with one circle representing the person himself or herself and the other representing nature. The circle pairs differ in the amount of overlap representing different stages of connection to nature ([Figure A1](#F5){ref-type="fig"}). The participants had to choose the circle pair that best describes their relationship to nature. Every questionnaire had an individual code, which made it possible to compare T1 and T2 of each student.

### Participants {#S3.SS1.SSS2}

The groups in our survey registered for the guided tours by e-mail. The offer was aimed only at high school students in the 12th and 13th grades. Our sample consisted of 608 students, and participation on our survey was voluntary. For participants under the legal age, parents had to sign a letter of agreement, and privacy policy has been respected. One hundred fifty students participated in a guided tour without an addition, 105 attended in a guided tour with feeding meerkats, and 81 in a tour with feeding giraffes. Ninety students got a guided tour with a keeper talk, 95 with a view behind the scenes, and 87 attended in a tour with petting goats. Data were collected between December 2018 and May 2019.

### Analysis {#S3.SS1.SSS3}

For the statistical analysis, we used IBM SPSS 24. To simplify the analysis and to get more meaningful results, we divided the connection to nature scores in three groups, depending on the initial INS score; INS scores from 1 to 3 were classified as low connection to nature, INS scores of 4 as medium connection to nature, and scores from 5 to 7 as high connection to nature. To examine the difference between T1 and T2, the Wilcoxon signed ranks test was used, after the Kolmogorov--Smirnov test was highly significant for all test groups on both measurements (*p* \< 0.001). When the Wilcoxon test showed significant results between T1 and T2, the effect size (*r*) according to [@B16] was calculated, using the formula *r* = $\frac{z}{\sqrt{N}}$ for non-parametric data. For a comparability with other studies, we converted *r* in Cohen *d* using the formula *d* = $\frac{2r}{\sqrt{1 - r^{2}}}$ by [@B2].

Results {#S3.SS2}
-------

The groups with high initial INS scores did not show a significant change in any of the six test setups. The groups with low connection exhibited a highly significant increase after the tour, which showed similar effect sizes for almost all groups (∼*d* = 1.4). An exception was found within the petting zoo group (*d* = 1.907). For the group with a medium connection, we report a significant increase of connection to nature for the guided tour without addition, the tour with a keeper talk, the tour with a view behind the scenes, and the tour with feeding giraffes. While the first three showed a moderate effect size *d* \< 1.0, the effect of feeding giraffes was notably higher (*d* = 1.310) ([Figure 4](#F4){ref-type="fig"} and [Table 3](#T3){ref-type="table"}).

###### 

Results of the Wilcoxon tests with mean scores for T1 and T2 and effect (*d*) size for the different experimental groups.
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![Immediate shifts in reported INS scores within the six different experimental groups. The horizontal lines reflect the levels of connection to nature (INS scores). The stroke width of the graphs is proportional to the number of students being represented in the subgroups. Only significant shifts are marked: \**p* \< 0.05, \*\**p* \< 0.01, \*\*\**p* \< 0.001.](fpsyg-11-01804-g004){#F4}

Discussion {#S3.SS3}
----------

Our results clearly show that students with an initially lower INS score -- regardless of the type of environmental education program -- have a positive influence on their proximity to nature. Even the most basic environmental education program in a zoo, a 1 h guided tour, has the potential to increase the connection to nature with a large effect size. There are two main ways to connected people with nature that are discussed in environmental literature: on the one hand, the time spent in nature is an important predictor of the connection to nature. Several studies show that people who spend more time in nature have a higher connection to nature ([@B74]; [@B48]; [@B53]). Furthermore, experiences in nature influence connection to nature ([@B36]). Even though zoo enclosures are artificially designed environments, they contain many naturalistic elements visitors can see and experience. Observing wild animals in naturalistic exhibits contributes to immerse into the habitat and the visitors a special experience that has the ability to increase connection to nature. On the other hand, it is frequently reported that environmental education is a possibility to connected people with nature. For example, [@B3] demonstrated a positive effect of an environmental education program on student's connection to nature. For younger students, the effect was more stable than for older ones. Similar results were reported by [@B45]. [@B38] explained the positive shift of connection to nature by their environmental education program with the participants' gain of knowledge. Besides a lot of interesting information about the different animal species, the guided zoo tour also included knowledge that is particularly relevant for biology education, making the tour an adequate environmental education program for upper secondary school students.

Other factors could also be responsible for the large increase in the group with initial low connection to nature. For example, there is a positive correlation between previous experiences of nature, motivation to participate in nature-based activities, and connection with nature ([@B7]). It can therefore be assumed that students with less connection to nature also have less direct contact with nature. The direct contact with nature, as it took place at the zoo, is therefore potentially a new experience for this group, which may have led to a strong change in their relationship with nature. For nature-connected, on the other hand, contact with nature was not a new experience, so there was no significant change.

In addition, social interactions in school classes could have an influence on the increase in connection with nature, especially among students with a low level of connection with nature. A number of theories describe the special role and influence of peers on a person's behavior and attitude ([@B22]). It is therefore quite conceivable that the positive attitude of the students with a high degree of connection to nature was transferred to the students with a low degree of connection to nature and thus contributed to the increase.

Students with an initial medium connection to nature show the clearest distinction between the different test settings. Although the guided tour without addition led to a significant increase, no significant effects were observed in the guided tour with feeding meerkats and the guided tour with petting goats. From the perspective of the connection to nature, the add-ons seem to have counteracted the positive effect of the guided tour on this group. There are several explanations for this result. When feeding the meerkats, it is possible that the mealworms disgusted the students. A negative experience could negatively influence connection to nature. Furthermore, the participants were not allowed to touch the meerkats because as a predator it was likely that they would try to bite the students. Perhaps the combination of these circumstances disappointed the students and prevented this group from feeling more connected to nature. For the group that petted goats, the explanation is different. The basic idea of this add-on was that direct contact with the animals would strengthen the connection to nature. While some students were excited to pet the goats, others were less interested and felt too old for the petting zoo. Furthermore, the petting zoo is open to all visitors, so that a visit to the petting zoo, unlike the other add-ons, was not a special experience.

However, for the students with initial low connection to nature, petting goats showed an additional increase of connection to nature compared to the guided tour without an add-on. This result could be explained by the high affective component in feeding the goats. [@B38] suggest that students with an initially low connection to nature should be encouraged mainly by emotional elements. Feeding and petting of goats, including juvenile animals, may have addressed the emotional component in these participants, which would explain an additional increase in connection to nature compared to the control group.

The largest effect size for students with an initially medium connection to nature was obtained in the tour with feeding giraffes (*d* = 1.310) and is probably due to the high attractiveness of these animals and the direct contact during feeding. From 40 different species tested at Chester Zoo, most visitors stopped at the giraffe enclosure and spend most of their time observing the giraffes ([@B51]). Body size and attractiveness to visitors are, among other factors, important predictors for zoos that play a role in the selection of species for their animal collection ([@B18]). Visitors feel particularly attached to large zoo animals (both herbivores and carnivores). This connection with the animals often correlates with the concern for the protection of these animals ([@B28]). An extraordinary experience with these rare and special animals seems to have a positive effect on connection to nature, especially for participants with an initial medium connection.

Participants with an initially high connection were almost unaffected in the different test settings. However, this effect is not unusual and is also reported in other studies ([@B3]). It is obviously difficult to achieve an additional positive effect in people with a high level of connection to nature, as they already have a high level of initial connection to nature. Although it is desirable to further increase the connection to nature of students with an initial high connection to nature, the focus of environmental education programs should, however, be on students who are less close to nature, because an environmentally friendly behavior increases with connection to nature ([@B11]; [@B9]; [@B53]) and a split between humans and nature leads to environmental problems ([@B32]).

Limitation and Further Research {#S4}
===============================

Our study has a very strict focus on connection to nature. Even when we report no significant increase of connection to nature for some sample groups, it is possible that other unobserved variables changed during the guided tour. As described in the introduction, environmental behavior, environmental knowledge, or environmental attitudes also play an important role, and it is possible that certain interventions have a particular influence here. For example, the keeper talk might have led to additional knowledge acquisition, or petting the goats might have increased their connection to animals. A change in attitude toward zoos, more precisely a more positive view, or the establishment of a more differentiated approach to animal husbandry in zoos (for instance by the keeper interview) is also possible, but was not recorded in our study. Further research is required to investigate effects on these unobserved but important variables.

Another factor that was not considered in our study is the number of visits to the zoo before the intervention. So it is quite conceivable that there is a connection between the regularity of zoo visits and the closeness to nature. For example, students with a lower level of connection to nature may visit the zoo less often in their free time than students with a high level of connection to nature. Further research in this context would be useful to explore the longer-term role of zoos in strengthening human--nature relationships. The observation of the teacher could also be a starting point for the following studies. It is possible, for example, that a teacher who is highly motivated and integrates the visit to the zoo specifically into the lessons could have a positive influence on the results of the study.

Many studies show that the connection to nature depends strongly on age. Older students have lower INS scores than younger students ([@B74]; [@B17]; [@B44]; [@B67]; [@B3]). [@B29] analyzed this relationship between age and connection to nature in a cross-sectional study with more than 2,300 participants. They found that children younger than 12 years have a particularly high level of connection to nature, but this decreases with increasing age until it reaches the lowest value for young adults. Our study focused on this age group, where, apart from the low connection to nature, the interest in animals and especially in zoo-specific topics is lower. It is quite possible that the tour or the respective add-on will show different results or even stronger effects for other age groups. Interestingly, our programs did not show significant increases in students with an initially high connection to nature. In this context, it would be interesting to evaluate whether the temporal component has a decisive influence. The guided tour with a maximum duration of 1.5 h is a short-term intervention. It has already been shown that longer-term environmental education programs can also lead to an increased connection to nature among these pupils ([@B3]).

Conclusion {#S5}
==========

The study showed that the interest in plants and animals, and especially zoo animals, strongly decreases during the education period. Especially high school students show a particularly low interest in these topics compared to other areas such as health or environmental protection. This is consistent with the results of previous studies that found a decline in the human--nature relationship for this age group ([@B29]). It is therefore particularly rewarding to offer environmental education programs with a focus on animals and plants for this age group of students.

The results show that a 1 h guided tour at a zoo increases connection to nature for an age group that is less interested in the topic of zoo and animals. Especially students with an initially low or medium level of connection to nature benefit from the guided tours. For this reason, guided tours seem to be an efficient and meaningful zoo pedagogical instrument in the field of environmental education, even though they require a lot of time and staff. Small additions to the tour can improve the result, but not all add-ons show similar positive effect.
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###### 

Mean values ± standard deviation of the different grades according to items.

                                                                                     **5**               **6**              **7**               **9**               **10/11**          **12**              **13**
  ------------- ---- --------------------------------------------------------------- ------------------- ------------------ ------------------- ------------------- ------------------ ------------------- ------------------
  Animals       A1   What zoos do for protection of species                          2.91 ± 1.06 (408)   2.66 ± 1.07 (61)   2.30 ± 1.04 (412)   2.01 ± 0.92 (438)   1.73 ± 0.91 (41)   1.91 ± 0.94 (174)   1.76 ± 0.78 (33)
                A2   Animals in other areas of the world                             3.23 ± 0.93 (407)   3.16 ± 1.04 (61)   2.79 ± 1.00 (410)   2.49 ± 0.97 (443)   2.24 ± 0.85 (41)   2.38 ± 0.93 (173)   2.36 ± 1.01 (33)
                A3   Animals in the zoo                                              2.85 ± 1.10 (409)   2.45 ± 1.09 (62)   2.32 ± 1.07 (417)   1.89 ± 0.97 (446)   1.71 ± 0.89 (41)   1.94 ± 1.01 (171)   1.75 ± 0.83 (32)
                A4   Behaviors of animals                                            3.17 ± 0.95 (408)   2.70 ± 1.09 (61)   2.74 ± 1.08 (413)   2.59 ± 0.94 (442)   2.46 ± 0.99 (41)   2.45 ± 0.96 (174)   2.76 ± 0.82 (33)
                A5   How to protect endangered species                               3.38 ± 0.78 (410)   3.10 ± 0.91 (60)   2.99 ± 0.86 (417)   2.84 ± 0.86 (444)   2.78 ± 0.88 (40)   2.79 ± 0.85 (174)   3.00 ± 0.74 (33)
  Plants        P1   Plants in my environment                                        2.52 ± 1.01 (410)   1.95 ± 1.09 (60)   1.93 ± 0.89 (411)   1.83 ± 0.80 (443)   1.76 ± 0.69 (41)   1.71 ± 0.79 (174)   1.67 ± 0.68 (33)
                P2   How plants grow and multiply                                    2.52 ± 1.02 (407)   1.98 ± 1.08 (62)   1.96 ± 0.87 (416)   1.94 ± 0.81 (444)   1.83 ± 0.76 (41)   1.79 ± 0.74 (174)   1.76 ± 0.70 (33)
                P3   Plants and their benefits for humans                            2.75 ± 1.04 (409)   2.22 ± 1.05 (60)   2.21 ± 0.94 (413)   2.28 ± 0.88 (442)   2.13 ± 0.93 (40)   2.20 ± 0.82 (171)   2.39 ± 0.92 (33)
                P4   How plants produce food                                         2.88 ± 0.96 (404)   2.51 ± 1.00 (61)   2.44 ± 0.92 (441)   2.37 ± 0.88 (445)   2.22 ± 0.78 (41)   2.37 ± 0.90 (172)   2.34 ± 1.02 (32)
  Health        H1   What you have to eat to stay healthy                            3.21 ± 0.98 (407)   2.90 ± 0.85 (60)   3.16 ± 0.97 (414)   3.28 ± 0.92 (442)   3.39 ± 0.73 (41)   3.24 ± 0.93 (174)   3.33 ± 0.80 (33)
                H2   How to train to keep the body fit and healthy                   3.29 ± 0.95 (408)   2.87 ± 1.05 (62)   3.39 ± 0.83 (412)   3.44 ± 0.81 (443)   3.48 ± 0.87 (40)   3.43 ± 0.87 (174)   3.42 ± 0.78 (33)
                H3   Nutrition of humans                                             2.61 ± 1.03 (409)   2.48 ± 1.07 (61)   2.46 ± 0.96 (416)   2.72 ± 0.98 (443)   3.02 ± 0.90 (41)   2.98 ± 1.00 (174)   2.91 ± 1.03 (33)
  Environment   E1   The greenhouse effect and how humans can change the situation   2.59 ± 1.09 (352)   2.34 ± 1.15 (47)   2.42 ± 1.02 (358)   2.62 ± 0.95 (416)   2.84 ± 1.01 (38)   2.89 ± 1.01 (174)   2.79 ± 1.07 (33)
                E2   How to preserve and protect biodiversity in the world           2.88 ± 1.04 (404)   2.57 ± 1.10 (56)   2.42 ± 0.97 (405)   2.44 ± 0.98 (443)   2.48 ± 0.92 (40)   2.56 ± 0.97 (174)   2.76 ± 0.95 (33)
                E3   Habitat earth                                                   3.02 ± 0.96 (409)   2.83 ± 1.07 (60)   2.69 ± 0.94 (414)   2.72 ± 0.84 (442)   2.78 ± 0.81 (41)   2.55 ± 0.81 (173)   2.52 ± 0.86 (33)

The number of participants is indicated in brackets.
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